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An Open Letter to the 1965 
College Graduate 
from Donald N. Frey , 
Assistant General Manager, 
Ford Division of 
Ford Motor Company 


STEP FORWARD 

WITH FORD MOTOR COMPANY 




Donald N. Frey was awarded a bachelor's degree in metal- 


and purchasing activities. He is 41 years old. 


uiu| j • in i jut, ur. r rey W3$ 

appointed assistant general manager of the Ford Division 
with responsibility for all engineering, product planning 

and nnrrhacmo arfmitmc u ^ 41 • . 


America’s automobile industry is in the midst of a challenging era, with pros- 
pects of an even more exciting and demanding tempo in the years to come. 
Ford Motor Company is determined to achieve leadership in all phases of its 
operation. This leadership promises to bring lasting success to the company, its 
employes and its stockholders. 

It will take people to accomplish this objective. Engineering, finance, styling 
marketing, product planning, sales— all require people with the knowledge 
judgment and personal drive to avail themselves of the unprecedented oppor- 
tunities offered by a great industry. 

The automobile business is growing. More cars are being bought now than ever 
before. With increases in population and consumer buying power, even more 
will be bought in the future. Realizing this, Ford Motor Company seeks to 
attract college graduates who have the capacity to grow with the company 
and the market. 

Right now, our plans call for employing about a thousand of the best 1965 
graduates we can find, with all types of educational backgrounds. We need 
specialists, but we also need persons with broad liberal-arts training who can 
handle a wide variety of assignments. Actually, in our company, many gradu- 
ates grow into jobs totally unrelated to their degrees. They have discovered 
that Ford offers intellectually challenging opportunities for those with the 
ability to seize them. We invite you to make the same discovery. 

Contact your Placement Office and arrange to see our representative. 




MOTOR COMPANY 


The American Road, Dearborn, Michigan 


A n Equal Opportunity Employer 




Anyone for hydrodesulfurization? 


How about h. J Want to hydrodesulfurize? Hydrode- 
sulfuriz e oil, that is. Fuel oil. Dr. James Mosby, 
Purdue, 64 does. He experimentally optimizes the 
commercial procedure for removing sulfur. He’s been 
working 0,1 hydrodesulfurization ever since he joined 
the A mcr ' cai1 Company as a chemical engineer 
last January. I hat’s his pilot plant behind him. 

Eve" lf you’d rather not hydrodesulfurize, there are 


literally scores of other science and engineering op- 
portunities at American Oil. If you’re interested in a 
career in the petroleum industry, write to J. H. Strange 
for information. His address : American Oil Company, 
P. O. Box 431, Whiting, Indiana. 

AMERICAN OIL COMPANY 




IN MEMORIAM 



Thomas H. Carroll 
191-Jr - * 96 - 4 - 


Before we become too engrossed in our engineering studies, it is' well to reflect on I'f 
of our University's honored President which ended so suddenly on July 27 of this VPnr I Vu 

death of Thomas H. Carroll, our University has lost a resourceful, energetic leader Y ‘ n the 


Under his direction. The George Washington University beqan a viaorous nm nm m 
demic growth. Total enrollment grew from 9,595 to 11,245 oM7 per cent? a™ E« en^h" 
ment increased from 3 1,659 to 4,437 or 21 percent. During his three and one-ha T yea fa! 
President, he increased dormitory space by 320 per cent. Funds for sponsored research In,-, j 
by 49 percent. The Institute of Sino-Soviet Studies was added to the School of Govemm 0 ^ 
Business, and International Affairs. President Carroll was instrumental in the formation ofTh 
consortum plan in which any graduate student at George Washington, Georgetown Cathol' 6 
Howard, or American University can get credit for courses taken at any of the other Unive >•' 
He brought about a 50 per cent increase in the budget for faculty salaries and a 39 per rSI '? s ’ 
crease in the overall annual operating budget of the University . And . . The nr "T 
of an active, hard-working man never seem to end. They have, however. ^ IS men * s 


Thomas Henry Carroll's energy and enthusiasm, his notable achievements his ours > 
academic excellence, and his full service to his fellow man should stimulate each of us h ° 
we can, to match his example in our own lives. As President Lyndon B. Johnson said 
the death of another eminent noble man . . . "Let us Continue. " owin< 
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80 years ago the first 

cash register helped 
shopkeepers remember. 



NCR's job for 80 years has been 
to make things easier and more 
profitable for businesses of all kinds 
and sizes. How? By producing the 
most complete and efficient line of 
record keeping and data processing 
equipment obtainable. We began by 
marketing the first cash register— 
the first automated system for 
handling sales and cash! Today 
NCR continues to make things 
easier for government, industry, 
business and banking with a full 


Today NCR’s new 
thin-film rod memory 
helps this computer 
remember better. — 


line of equipment to handle 
everything from original 
entry to final report. Latest 
is a rod memory computer that 
cycles in billionths of a second! 

Equally as important as the de- 
velopment of the total system con- 
cept of record keeping are the many 
research and development pro- 
grams which NCR has in progress. 
Important advances in encapsula- 
tion, photochromism, thin-film and 
laser technology have contributed 



greatly 
to the for- 
ward movement 
of the American economy 
and to the betterment of its citi- 
zens. If you would like to be con- 
sidered for positions that are now 
opening for qualified persons at 
NCR, write to T. F. Wade, Technical 

NCR - Dayton - ohi ° 
45409 All correspondence will be 
treated confidentially. An equal op- 
portunity employer. 



BE SURE TO VISIT THE NCR PAVILION AT THE N.Y. WORLD'S FAIR. 


THE NATIONAL CASH REGISTER COMPANY 



POINTERS 



the importance of scholarship 


Scholastic achievement never goes unnoticed 
(and we don't mean by professors). The Engi- 
neering honorary organizations realize the im- 
portance of fine scholarship and recognize worthy 
students for membership. Honest effort, char- 
acter and grades are the bases of their selections. 

But the true worth of scholarship extends far 
beyond this point. You are depending on your 
college experience to recommend you to a future 
employer. Therefore, a faulty performance may 
hurt you later professionally. 

If you are having trouble, see your advisor 
immediately! Don't hesitate until it is too late. 
He will be happy to help you himself or recom- 
mend you to a tutor. Many students have bene- 
fitted from such help. 

STUDY HINTS 

1. Study regularly, beginning now. 

2. Plan your work to avoid hopeless pileups 
and all-night cramming sessions. 

3. Review throughout the semester. 

4. Eliminate unnecessary distractions when 
you study: radio accompaniment, intermittent 
conversation, clutter of distracting objects. Why 
handicap yourself? 

5. Work when you work. Short sessions of 
intense study are more profitable than all-evening 
sessions of wool gathering. 

6. Read with a purpose. Look for main 
ideas. Test yourself with recitations as you go 
along. Use notes or underlining to helpyou grasp 
the framework. 

7. Think during lectures. Taking notes 
helps- Remember that, as in reading, there are 
only a few ideas being presented at a time. 

8. Overlearn what is important. Practice 

explaining it. 

9. Get help when you need it. Professors 
expect to give individual help as well as teach 

classes. 

10. Sharpen your tools. A slow reader can 
speed up with practice. Join a special reading 
class. Your professor can help you analyze your 
weaknesses in background and help correct them. 

11 . You have to want to learn. Interest can 
grow if you honestly try to see the usefulness of 
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for the 


Introductory Level 


Student 


the things you study and their interrelationships. 
Greater interest comes with success. 

12. Study to gain ideas and skills and you will 
be on the best way toward getting the desired 
grades . 

13. Two hours of preparation on the part of 
the student are normally required for each hour 
of lecture or recitation. 

14. Get to know members of the faculty. 

WORK HABITS 

In order to have some free time for relaxa- 
tion or extracurricular activities, you need to 
form good work habits for college work. You're 
on your own. Between classes you may do what- 
ever you please, but in class you'll be expected to 
know the answers. 

EXTRACURRICULAR ACTIVITIES 

The many benefits to be derived from par- 
ticipation in extracurricular activities are indi- 
cated by the interest of placement officers from 
industry in such activities. Good scholarship, 
the ability to work harmoniously with others, and 
a well-rounded personality are qualities sought 
in prospective employees and participation in 
student activities has its place in developing 
some of these traits. 

All students face the problem of deciding 
how extensive their participation in extracurricu- 
lar activities should be. Every student, whether 
full or part time, should have some part in the 
college life which surrounds him. He should do 
more than just attend classes and study. On the 
other hand.it must never be forgotten that studies 
come first. 

The experience of the students who have pre- 
ceded you indicates that the first semester of the 
freshman year should be one of acclimation to 
new surroundings and conditions and observation 
of the many extracurricular activities available. 
A sensible program of participation in extra- 
curricular activities for a first semester might 
include membership in one of the Professional 
societies, which would take up one or two even- 
ings per month, and possibly membership in one 
other activity which would not require more than 
eight or ten hours per month. 
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ULTRASONICS in 


The "Encyclopedia of Electronics" defines 
Jltrasonics as: 

"Ultrasonics is the generation and detection 
of ultrasonic vibrations in materials having 
elastic properties. The frequency range is 
above the top limit of the audible range and 
extends from approximately 18 K.C.to above 
200 M.C." 

The particular frequency range can not be 
expressed explicitly. Actually, "above the audi- 
ble range" will vary from 14-20 K.C. for different 
individuals, and as for the upper limit there isn't 
any theoretically speaking. If a longitudinal wave 
front creating a deflection in a material can be 
produced and detected, then these are ultrasonic 
waves. But the frequencies used in most appli- 
cations of ultrasonics are usually in the 18-50 
K.C. range. 

Some of the industrial applications of ultra- 
sonics are: 

1. Basic Metal Production — quality control 
testing for defects in ingots, blooms, 
billets, and plate. 

2. Ingots and Castings — agitating molten 
metal during casting to improve grain 
structure . 

3. Testing for defects and homogeneity in 
forgings; extrusions; weldments, brazed 
and cemented joints, and sintered metals. 

4. Measuring thickness from only one side. 

5. Faster and more effective cleaning of 
parts. 

6. Electroplating — higher current density 
with improved quality. 

7. Heat Treating — improvement of grain 
dispersion. 

8. Drilling and Impact Grinding — especially 
of the harder materials such as carbids. 

9. Welding — cold joining of foils and thin 
sheets . 

10. Welding, Brazing, and Soldering — 
assists in hot joining with improved struc- 
ture and without use of fluxes by dis- 
persing any oxidation formed. 

11. Measurement of the physical properties 
of metals and other materials. 

12. Determining deterioration by measure- 
ment of ultrasonic velocity changes. 

13. Location and measurement of cracks in 
dams and other large structures. 

14. Homogenizing milk. 

15. Speeding up chemical reactions. 

16. Mixing of solids and gases and liquids. 

17. Echo sounding — Sonar. 

From the foregoing list of applications, one 
can see that ultrasonics is a well established in- 
dustry in itself. There are presently approxi- 
mately 75 companies in this country which manu- 
facture and sell various types of ultrasonics 
equipment. 




IRON 


Directions of easy magnetization for nickel and iron. 

TRANSDUCERS 

From the definition of ultrasonics "Genera- 
tion and Detection" comes the term "transducer " 
an instrument for converting any form of energy 
into some or ultrasonic waves and visa-verst 

themed 116 0f t tra " sducers varies according to 
the medium into which the wave is to be propa- 
gated and the form of energy used to exekethe 
medium into mechanical vibration. 

Early experimenters used tuning forks and 
whistle s , and reasonably high frequencies can be 
obtained by these means. These, however a^e 
capable of only very small power outputs and are 

not practical sources. Although the low power pro- 
hibits certain applications, whistles are btine 
usefully employed for a number of industrial 
processes such as emulsification and dispersion 
Mechanics generators have been used fn which 
f b t ° r kK 0d 18 excited into resonance by fric- 
for them if’ t f application has been found 
for them. Electrical sparks and discharges and 

bofl IVe 'H WiU pr °P a g ate a sound wave in 

both liquids and gases, but although quite laree 
peak intensities are possible, little control can 
e exercised over the energy density or the fre- 
quency of the generated wave. 

A P art from sirens and whistles with certain 
limited applications, almost all industrial appli- 
cations are carried out with transducers ener 

5uencv y a T n h : eC D triC i inPUt ° f the -^ir^ fre- 
quency. The piezoelectric effect in certain 
natural and synthetic crystals and tk " certain 

strictive effect exhibited by metals such 
are utilized foe the oT.U^ofe 

waves in liquids and solids. The electrom* ? 
tta„,duc„r i. employed for exci. Uqufl, a„‘d 
solids, and versions of this type are a 

for gas propagation. Large power densities US >k 
relatively high conversion efficiency is possible 
with such transducers. possible 

PIEZOELECTRIC TRANSDUCERS 

When certain crystals, having a special t^e 
symmetry in their structure, have elec r^cal 
fields applied to them in certain directions thev 
distort in shape. Alternatively if the ’ th ! Y 
are mechanically distorted in the same direcUon 
an electrical potential is generated. When the 
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Modern Engineering 


by Frank T. Doepel 


sign of the stress is reversed, the polarity of the 
electric charge is reversed and similarly a re- 
versal of an applied potential will cause a change 
in sign of the mechanical movement. Thus one 
can see that the crystal transducer can be used 
to produce or detect ultrasonic waves. 

The frequency of any ultrasonic wave can be 
measured simply by amplifying a piezoelectric 
transducer's output and feeding it into a frequency 
meter or scope. 

The measurement of ultrasonic energy can 
also be accomplished by a crystal transducer. 
When ultrasonic waves are projected against a 
plain surface, two major influences are expe- 
rienced. There will be an alternating pressure 
at the frequency of the propagated wave and a 
direct pressure due to the radiation. The radia- 
tion pressure provides a steady force against a 
body inserted into the medium and its value is 
proportional to the mean energy density. This 
can be expressed mathematically by the following 
two equations: 

P r = a E = (F/C) 

And F = .5 p C (WA2) 

Where: P r = Radiation Pressure 

a = Proportionality Constant, 

0 . 9 - 1.0 

E = Mean Energy Density 
F = Sound Intensity 
p = Medium Density 
C = Medium Sonic Velocity 
W = 2 ff F where F = Sonic 
F requency 

A = Maximum amplitude of the 
sound wave 

MAGNETOSTRICTION TRANSDUCERS 

For the majority of industrial applications 
the most widely used transducer is the magneto- 
striction transducer. Impact grinding employs 
this principle exclusively. For these reasons, 
the principles of magnetostriction will be dis- 
cussed in detail. 



♦oo *00 

Oers+eaot 

FIGURE 2 



When ferromagnetic materials are subjected 
to a magnetic field, a change in physical dimen- 
sions is experienced. Similarly there is a change 
in the magnetic properties of the material if the 
dimensions are altered by an external force. 
These changes are usually designated as magneto- 
striction effects and take a number of well de- 
fined forms . 

Magnetostriction can be explained by con- 
sideration of the Domain Theory. In most mate- 
rials the magnetic effects of the orbital electrons 
nearly neutralize each other. Due to the random 
orientation of atoms in a solid the magnetic mo- 
ments of separate atomic groups generally cancel 
each other out. There are certain exceptions to 
this situation, and these occur in the materials 
designated as ferromagnetics . In these materials, 
an exchange force exists that causes the atomic 
magnetic fields within a volume of 10"° or 10 ' 
CnV to be parallel, and these domains of mag- 
netic moments can in turn be aligned by an ex- 
ternal magnetic field. Each domain is magnetized 
to saturation, but depending on the crystal struc- 
ture of the material, the magnetic field may be 
in any one of a number of fixed directions known 
as directions of easy magnetization. For example, 
in a cubic crystal such as that of iron or nickel 
there are six such directions. (See figure 1.) 
With an external magnetic field absent, all of the 
atoms in a single crystal will be oriented to pro- 
duce a zero resultant field. 

In addition, the axes of crystals in polycrys- 
talline materials are oriented in random fashion. 

With an increasing external magnetic field, 
certain of the domains originally magnetized in 
the direction of the field grow in size, taking 
over the other differently oriented domains until 
the complete crystal becomes one large domain. 
As the field becomes more intense, the domain 
in each crystal rotates until it is parallel to the 
field. During this process, the material expands 
or contracts externally and continues to do so 
until all the domains are parallel. The material 
is then said to be saturated. 


— Continued on page 22 
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FIGURE 4 


FIGURE 3 

(Change in length per unit length as a function (Magnetostriction as a function of temperature (Velocity of sound as a function of temperature 
of strength for iron, cobalt and nickel.) for nickel.) for nickel.) 
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MECH MISS 


• • • 


The Mecheleciv staff presents a streamlined, energy 
charged co-ed from West Palm Beach, Florida. Patricia 
Lee Tompkins has blue eyes, sandy hair, and a surprising 
set of statistics: 


Height 

Weight 

Measurements 


161.29 cm 
253 kg 

0.00053 miles 
60.96 cm 
35,000 mils 



C 

.V 


Pat transferred to GW from Florida Southern. She was 
born in Schenectady, New York in 1943, but has lived 
most of her life under the Florida sun. Pat is now a ju- 
nior and is majoring in Journalism. She was president of 
her Phi-Mu pledge class and was co-chairman of theD.C. 
delegation of Young Citizens at the Democratic Conven- 
tion. Other interests include dancing, cheerleading, 
and summer sports like swimming and water skiing. Pat 
is right on target so look out. 
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CRITICISM 


IS NOT FAULTFINDING 

by the University 
Committee of Sigma Tan 



The critical period in a young man's life as 
far as the relation of his education to his career 
is concerned lies between the ages of sixteen and 
twenty-one. If he finishes high school and does 
not go on to a university many roads are barred; 
for example, only with the greatest of difficulty 
can he become an engineer, lawyer or doctor. 
Therefore it appears that the higher education 
has its privileges. The tendency of management 
to hire only college men in executive capacities 
is merely one manifestation of the undefined but 
very definite recognition on the part of ambitious 
people "that without a college education you can't 
get ahead." 

But if higher education has privileges.it also 
gives one the desire and ability to discover, in- 
vent and improve; to envision better things and 
to achieve them. That is the foundation of criti- 
cism, which is the builder of civilization. 

It was constructive criticism -- intelligent 
faultfinding — which brought man out of the caves 
and jungles of the primitive into the present state 
of society. It was the desire for something better 
that gave us improved shelter, food, clothing, 
transportation, communication, lighting in short, 
all the comforts of conveniences of life. 


me lever oi 


excnange between themselves 
and other classmates or faculty members. In 
order for contact to become a relationship there 
must be a continuity of exchange , freedom of com- 
munication and repetition of meeting. 

A fine opportunity for such a relationship 
was offered each engineering student - graduate 
and undergraduate - at 8:45 p.m., Sept. 23, when 
Norman Seidle, President, XI Chapter, Sigma 
Tau Fraternity, chaired the first of seven Open 
Forums designed to take place on a successive 
monthly basis. The opening address by Dean 
Mason was the highlight of the program. Next on 
the agenda was an open discussion designed to 
give every member at the meeting a chance to 
get on his feet and express himself, and to brine 
out group discussion of pertinent issues. 

It is the continuing goal of each of the com- 
ing forums to give everyone, faculty and student 
alike, an opportunity to share their opinions and 

V n 1Ce CritlC1SmS ln an environment of re- 

sponsible discussion. "These open discussions " 
said Dean Mason, "are intended to provide the 
medium for free, mature exchange of ideas be- 
tween students, and faculty and students, on mat- 
ters of interest and concern." 


Constructive criticism of social and political 
organization is responsible for man's ideal of 
freedom, and of the importance of the individual. 
Without this criticism there is no progress, either 
of the individual or of society in its larger aspects. 
More important, inadequate arrangements cannot 
be bettered by people who have never found any- 
thing wrong with them. 

Some students, as indiscreet individuals, live 
essentially within their own depths and never 
develop a few key relationships which cut below 


Such a matter of interest may well be the 
short talk on "Preparing For Graduate Record 
Examinations" to be delivered by Dean Smith at 
the forthcoming October 2, Open 
talk, together with a Question and Answer period 
will immediately precede the second discussion 
session which may be entered into by all stu- 
dents and faculty. 

Further opportunities to air matters of in- 
terest and concern will be given at each of the 
bel^T TaU Spons ° red dls cussion sessions listed 


October 21 

November 18 
December 16 

February 17 
March 17 
April 21 
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CALENDAR OF EVENTS 

A short talk on "Preparing For Graduate Record Examinations” followed bv an Onen 
Forum Discussion. uy 1111 upen 

Panel Discussion on the "Responsibility of the Student." 

A brief talk on "Graduate School Entrance Requirements," followed by an Open Forum 

A summary on "Preparation of Resumes", preceding an Open Forum discussion 
Panel Discussion (Topic to be chosen at a later date). 

"Keeping Abreast of Your Field After Graduation" will be discussed prior to the 
Open Forum discussion session. eguiar 
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Tom Thomsen wanted challenging work 



He found it at Western Electric 


T. R- Thomsen, B.S.M.E., University of Nebraska, ’58, 
came to Western Electric for several reasons. Impor- 
t ant to him was the fact that our young engineers play 
vital roles right from the start, working on exciting 
engineering projects in communications including: 
electronic switching, thin film circuitry, microwave 
systems and optical masers. 

The wide variety of Western Electric’s challenging 
assig n ^ nent ^ appealed to Tom, as did the idea of ad- 
vanced study through full-time graduate engineering 
training, numerous management courses and a com- 
pany-P aid Tuitl0n Refund Plan. 

Tom knows, too, that we’ll need several thousand 
experienced engineers for supervisory positions within 
the next tew years. And he’s getting the solid experi- 


ence needed to qualify. Right now, Tom is developing 
new and improved inspection and process control 
techniques to reduce manufacturing costs of tele- 
phone switching equipment. Tom is sure that Western 
Electric is the right place for him. What about you? 

If you set the highest standards for yourself, enjoy 
a challenge, and have the qualifications we’re looking 
for — we want to talk to you! Opportunities for fast- 
moving careers exist now for electrical, mechanical 
and industrial engineers, and also for physical science, 
liberal arts and business majors. For more detailed 
information, get your copy of the Western Electric 
Career Opportunities booklet from your Placement 
Officer. And be sure to arrange for an interview when 
the Bell System recruiting team visits your campus. 


Electric 



MAMUfr ACTUR!NG AND SUPPLY UNIT OP THE BELL SYSTEM 

an EQUAL OPPORTUNITY employer 

' Tiering Research" CenterTrincetoV'N eS | n °P era,in 8 centers In many of these same cities plus 36 others throughout the U.S. 

. eton, N. J. □ Teletype Corp., Skokie, III., Little Rock, Ark. □ General Headquarters, New York City 
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Leonardo 
a Vinci 
lazed 
many new 
, rails. 





3laze 
la few of 
(our own 
at IBM 
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Painting. Architecture. Engineering. Re- 
search. Leonardo da Vinci's genius was 
apparent in all these fields— and more. But 
variety of career interests and the tough, 
problems that go with each are not restrict- 
ed to the 15th century. 

Today IBM seeks individuals with widely 
diverse interests to solve the many prob- 
lems of designing, building and marketing 
computers. Our literature describes in'de- 
tail the challenging careers open at IB.M 
— and the various advanced education 
programs designed particularly for you. 

See your college placement officer for infor- 
mation and an appointment with the IBM 
interviewers. Orwrite directly to Managerof 
College Relations, Dept. 915, IBM, Cor- 
porate Headquarters, Armonk, N.Y. 10504. 
IBM is an Equal Opportunity Employer, 


Applied Mathematics, Applied Mechanics, 
Data-Communications, Digital Computers, 
Guidance Systems, Human Factors, 
Industrial Engineering, Information Retrieval, 
Marketing, Manufacturing Research, 
Microwaves, Optics, Programming, 
Reliability Engineering, 

Servomechanisms, Solid State Devices, 
Systems Simulation and related areas. 


« 



f ; tf 


A Study of a Preferential Interdendrite 


OR 

Can a Mechanical Engineer 


Some of the greatest advances in our modern 
technological and scientific knowledge have been 
based on a seemingly (at the time) trivial obser- 
vation of an unusual and different occurrence. 
This paper is the presentation of such a hitherto 
unobserved trivial phenomenum which someday 
may lead to an important scientific principle that 
could have far-reaching effects throughout the 
entire civilized world. Young engineers should 
be aware that modern scientific investigation 
should not be bounded by preconceived limits of 
practical application. It speaks well for the 
George Washington University's School of Engi- 
neering and Applied Science that the author has 
been so conditioned by (at least) four years of 
intensive mental stimulation at that institution 
that this subtile phenomenum did not escape his 
keen, inquiring, well-trained, technical, trivial 
oriented mind. 

As any student of metallurgy knows, intui- 
tively, dendritic growth occurs during the trans- 
formation of a two, or more, phase mixture from 
the liquid to the solid state. The condition nec- 
essary for dendritic growth is a positive gradient 
of supercooling. Supercooling occurs when the 
liquid is cooled below its normal freezing point. 
A certain amount of supercooling is necessary if 
the "freezing" is to occur at all and the greater 
the supercooling the greater the rate of freezing. 
So with a positive gradient of supercooling, any 
part of the freezing solid that grows out ahead 
of the remainder is in a region of greater super- 
cooling and so will have a greater rate of growth. 
The result is the growth of spikes which form a 
skeleton like structure out into the liquid. The 



remaining liquid freezes by increasing the diam- 
eter of these original "dendrites." 


This process has been recognized for manv 
years and the physical property changes brought 
about by this process utilized in the metal indus- 
tries . Recently , the Spring of 1963 to be precise 
a similar phenomenum was noted taking place’ 
seemingly in reverse. One evening while dis- 
cussing the many faceted wonders of the George 
Washington University School of Engineering and 
Applied Science with a fellow student engfneer 
and applied scientist, (actually in his heart he is 
. frustrated student ot pure science but" pride 
myself on having a tolerant nature), during a lull 
in a heateddebate on the difference or rather lick 
of difference m the meanings of the terms "En- 
gineering" and "Applied Science" I noticed that 
the ice floating in a glass of complex polyphase 
liquid I was holding was exhibiting all thl tell 
tale signs of dendritic melting! The bottom of 
the ice cube had a very jagged appearance, not 
ound on ice cubes melting in water. (See Figure 
1.) You can scarcely imagine the feeling of dis- 
covery that unsteadied our hands as we prepared 
fresh solution It was not unlike the feeling Co- 
lumbus had when he first spotted those cute^iule 
island g^ls After mixing two fresh polyphase 
solutions and noting the same phenomena occur! 
ring during the infusion of the solutions we 
were convinced that we had stumbled upon some! 

W g at Sl r ! ant - Unfo rtun ately , I must admit 
that at this first encounter, we were so elated 
that we completely forgot to maintain a wA 
record (I had stepped on my hand earlier m he 
evening and was thus unabled to write and ™ 
companion having had a traumatic freshman JF 
counter with the English Department refuses m 
write anything but numbers and formulas u l! 
the Greek alphabet). The result was that the nex^ 
morning we could not quite remember exa c !lv 
what it was that we had discovered. The on v 
scientific answer was to reneat t i,„ y 

unde, co„,„Ue d co„ di , io °„' eP S' 

:ssr ta with da,a ' ha ™ 


, h ? ps lt would be well if I described the 
me hod of preparing the polyphase solution so 
that any inquisitive engineer or applied scientt=! 
can conduct this experiment in the nrivar a 
comfort of his own laboratory and verffy ou! find- 
ings. First, a sterile, approximately 4 oz ooet 
wide mouth beaker is cooled. Approximately^/ 8 
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Transformation in a Complex Polyphase Mixture 


be Too Old Fashioned 


by Millard E. Carr 


of a level teaspoon of C12H22O1I (either granu- 
lated or powdered) is distributed evenly over the 
bottom of the beaker. Two milliliters of pure 
distilled water is gently added to the C12H22OII 
until all the crystals are transforming into solu- 
tion. A 1 - 1/2 inch cube of distilled water at about 
30 °F is then placed in the beaker and approxi- 
mately 2 oz.of a preprocessed commercial solu- 
tion of 45 to 50 per cent C2H5OH (ethyl alcohol) 
is added by slowly pouring over the ice (the 
C 2H5OH solution we used is sold at local retail 
chemists under the name of Virginia Gentleman). 
To assist beginners in preparing the solution, 
the temperature - composition diagram of the 
binary system, H2O - C2H5OH, is shown in Fig- 
ure 2 . This system, unfortunately, is not usually 
covered adequately by most chemical engineer- 
ing textbooks. 



FIGURE 2 

An "Old Fashioned" Binary Diagram 

Care must be taken during the experiment in 
order that the solution is not spilled. Aside from 
the criminal waste of the solution, it was found 
to be slightly caustic and could result in pain if 
gotten in an eye or a fresh cut. Certain finishes 
on furniture may be damaged and while this pre- 
sents no immediate danger to the experimenter, 


it was noted that the owner of such furniture 
(particularly young women) tend to become un- 
reasonably anti- scientific and prone to do bodily 
harm. Needless to say , such situations are singu- 
larly unrewarding and should be avoided by ob- 
serving necessary safety practices. 

An inherent biological danger analogous to 
radiation was observed and named "fallout" when 
one of the experimenters, engrossed in the ex- 
periment tripped and almost fell out of a seven 
story window. This experiment should not be 
attempted rigorously by anyone lacking the nec- 
essary experimental, procedural experience. It 
was observed that certain vapors given off by the 
multi-phase mixture, when taken internally to 
relieve the tedium of the experimenters, proved 
to be mildly toxic. In most cases it brought on 
hallucinations and definite loss of bodily coordi- 
nation. (In a more advanced experiment the loss 
of one of the other experimenter's wife was al- 
most caused by these effects.) 

These words of caution should not be taken 
as a deterrent to the investigation of this highly 
enlightening experiment by responsible investi- 
gators. All that is needed to develop a profes- 
sional experimental procedure is the desire, and 
plenty of practice. This experimenter has be- 
come quite skillful in the rapid performance of 
this particular experiment, being able to prepare 
a beaker of solution with one hand while main- 
taining the laboratory in a state of stable equi- 
librium with the other. 

I hope this paper has brought to you a fuller 
understanding of interdendritic phenomena and 
possibly stimulated further study on your part 
into similar questions. I myself have rededicated 
myself to intensive applied scientific study of the 
strange physiological side effects inherent in this 
phenomena having recently recovered from a 
minor liver disturbance. I feel it is our duty to 
keep the romance of learning alive while we are 
waiting our six or eight years for our degrees, 
Good Luck and Keep Schmiling. . . . 


OCTOBER 1964 
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NEGATIVE FEEDBACK AMPLIFIERS 

by Raymond P. Rocca,Jr. 


A FEEDBACK SYSTEM is one in which some 
function of the output of some part of the system 
is fed back as a secondary input to the system so 
as to affect its own value. 

In a feedback system it is possible to em- 
ploy either positive or negative feedback. A 
POSITIVE feedback system is one in which the 
phases or polarities of the primary input and the 
signal fed back are such that they add in the sys- 
tem input mixer and increase the effective gain 
between the primary input and the output. A 
NEGATIVE feedback system is one in which the 
phases or polarities of the primary input and 
the feedback, which consequently results in a 
reduction of the effective gain between the pri- 
mary input and the output. 



where A = system gain with feedback 

A = system gain without feedback 
P = gain from system output to secondary- 
system input 

Note: As the terms Af, A, and p contain fre- 
quency-variant terms, they must be written as 
functions of j w to permit the proper evaluation. 
The sign of Ap is positive for positive feedback 
and negative for negative feedback. 

In a negative feedback amplifier in which the 
absolute value of A times p is much, much greater 
than l.the value of Af is very nearly equal to 1//3 
and is relatively independent of the amplifier 
characteristics. In such a system, the attenua- 
tion versus frequency characteristics of the feed- 
back path p should be the inverse of the desired 
system characteristics. 

Distortion 


The linearity of an amplifier can be improved 
appreciably by the application of negative feed- 
back as indicated by 


Fig. 1 — Schematic Diagram of Feedback Amplifier 

SYSTEM CHARACTERISTICS 
AFFECTED BY FEEDBACK 

The introduction of feedback modifies the 
characteristics of a system in addition to chang- 
ing its gain. In general, negative feedback is 
employed to improve the behavior of a system. 
For example, with negative feedback it is possible 
to increase the bandwidth of an amplifier, im- 
prove its linearity and consequently decrease the 
amount of intermodulation and distortion, reduce 
its output impedance, reduce the output noise 
which has been introduced within the amplifier, 
and obtain improved gain stabilization for circuit 
value changes. The use of positive feedback is 
usually limited to either oscillators or to special 
types of feedback amplifiers in which there is a 
positive feedback system so as to provide an 
improvement in linearity. 

Considerable improvement can be realized 
in certain system characteristics with a properly 
designed negative feedback system. The actual 
characteristics of any system employing feed- 
back are unique to that particular system. Con- 
sequently, the application of negative feedback 
does not ensure an improvement in the charac- 
teristics unless certain conditions are satisfied. 
It is therefore necessary to analyze individually 
any given system having any amount of polarity 
or feedback. 


Gain and Bandwidth 

The gain of a system with feedback is 
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Af 


A 

1 - A/S 


( 1 ) 


Df 


_ DAf 
A 


( 2 ) 


where Df - per cent distortion with feedback 

D - per cent distortion without feedback 


Noise 


The amplitude of the noise appearing at the 
output of a feedback amplifier due to noisf intro- 
duced at some point in the amplifier is 


N 0 = Nf 


A n 

1 - AjS 


( 3 ) 


where N 0 = amplitude of noise at output 

Nf = amplitude of noise at point it is intro- 
duced in amplifier 
A = over-all gain without feedback 
A n = gain without feedback between points 
at which noise is injected and output 
of amplifier 


Note: Since A and p contain fr 
riant terms, they must be written as 
joi to permit the evaluation. 


equency-va- 
functions of 


Output Impedance 

The output impedance of a system can be 
changed considerably by the addition of feedback 

feedback is employed and if the signal 
fed back is a portion of the output voltage "he 
amplifier output impedance will be lower 'than 
without feedback. If negative feedback is em- 
ployed and if the signal fed back is proportional 
to the output current, the output impedance will 
be greater than without feedback. The signal fed 
back in the case of current feedback is a voltage 

Continued on page 22 
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{“Are there amj 
East Coast labs doing 
Organic Research ?” 

“How 
about 
a sales 
assignment 
in the 
Chicago 

area? 


“DO YOU 
HAVE ANY 
MANUFACTURING 
FACILITIES 
IN THE 
SOUTH?” „ 


“What’s 
available 
in R&D 
around 
New York?” 



at a location with 
nearby graduate 

C J o/i/l o 
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“Any chance of 
moving around the country?” 




iF location is important to you in choosing your first job, why not talk to the company that has 
130 plants and research centers throughout the U.S.A., as well as scores of sales offices from 
coast to coast? Your placement office can tell you when our interviewer will be on campus. 

AN EQUAL OPPORTUNITY EMPLOYER 

DIVISIONS: BARRETT ■ FIBERS • GENERAL CHEMICAL • INTERNATIONAL • NATIONAL ANILINE • NITROGEN • RUSTICS ■ SEMET-SOLVAY • SOLVAV PROCESS • UNION TEXAS PETROLEUM 
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A DEEP SEA DIVE 

An underwater research vehicle designed to 
dive more than 30,000 feet under the sea will 
have a hull made of Pyroceram glass-ceramic. 
Average ocean depth is 12,451 feet, according to 
the 1964 World Almanac and Book of Facts. The 
almanac says the deepest reported ocean depth 
is 37,782 feet. The eight-foot-long, torpedo- 
shaped vehicle is planned to be the first of a 
series of similar glass and ceramic unmanned 
oceanographic capsules probing the depths of the 
oceans for their secrets. Many oceanographers 
believe that knowledge of the ocean depths even- 
tually will prove to be more significant than re- 
sults from space exploration. So far , though, man 
has been limited to waters relatively close to the 
surface, even in the new nuclear submarines. The 
tremendous pressures and bending forces that 
play upon vessels at great depths have remained 
unconquered. 

Only within the past year or so has serious 
thought been given to construction of external 
pressure vessels with solid glass or ceramic 
walls instead of walls made of metals or com- 
posite materials such as glass fiber-epoxy and 
glass -metal. 

Pyroceram glass-ceramic was chosen as 
the hull material primarily because of its com- 
pressive strength, which is higher than 300,000 
pounds per square inch. The material charac- 
teristically doesn't fail under compression, thus 
gets stronger the deeper it goes. The theoretical 
strength to weight ratio of the glass-ceramic is 
higher than that of high strength aluminum and 
steel alloys now used for underwater vehicles. 

CREATING A STORM IN THE LABORATORY 

Artificial rainfall and the resulting runoff 
that can be measured in the laboratory will soon 
be a part of hydraulic engineering research at 
the University of Illinois. 

The rainfall simulator will be constructed of 
thousands of hypodermic needle points mounted 
on a steel frame of adjustable height. The needle 
points will be connected in groups to a number of 
electronically operated direct displacement 
pumps. The pumps will force water through the 


needle openings to produce fine drops of artificial 
rainfall. The instrumentation will be designed to 
create storms of variable rainfall intensities and 
variable movement speeds. Artificial storms will 
be produced that can move across a model water- 
shed in upstream, downstream, or other desired 
directions. The electronically measured runoff 
from the model watershed will be recorded on 
punched cards or tapes for computer analysis. 
The objective of the research is to investigate 
the basic laws of the flow of water on drainage 
basins by means of controlled experiments. 


MULTI FREQUENCY 
FISH CALL 


TRANSISTORIZED 


Now you can call the fish to your exact 

fishing spot with an electronic transistorized Fish 

Call. Ichthyologists have known for some time 



that lish respond to sonic oscillations between 5( 
and 300 cycles, and to light waves. 


medial allows selection of five different va- 
riants of sound waves. In addition to the sound 
selection, the unit is also capable of producing 
light waves for maximum attraction of all spe- 
cies of fish. The sound waves, though only mod- 

200^00 aUdi H l6 M, t0 th ® human ear - trav el some 
200-300 yards through the water and attract the 

fish directly to the source. From then on it is UP 

to the skill of the fisherman to get the fish to bite 
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Men on the move 

at Bethlehem Steel 


bethuhem 

f®L 



DON YOUNG, MET.E., DREXEL '62- 

Don is General Turn Foreman in our 
Bethlehem, Pa., Plant’s electric fur- 
nace melting department, producing 
fine alloy and tool steels. 



WALT BANTZ, E.E., SCRANTON '63- 

Engineer at our research laboratories 
in Bethlehem, Pa., Walt is shown 
evaluating performance of ultrasonic 
equipment for detection of flaws in 
steel plates. 



DAVE SPARKS, MIN.E., OHIO STATE 

'60— Dave is Assistant to the Super- 
intendent of one of our modern mines. 
His previous assignments covered vir- 
tually all aspects of our coal mining 
operations. 



M00RE - C.E., MICHIGAN 

’59 Rollie is our Sales Representa- 
tive in Des Moines, Iowa. His tech- 
nical training has been a valuable 
asset in selling steel products. 



ROGER BOLLMAN, M.E., RENSSE- 
LAER '60— Roger is a production engi- 
neer in the Sparrows Point plate mills. 
He has been working on the develop- 
ment of rolling procedures for alloy 
steel plates. 



JIM LESKO, CH.E., PENN STATE '60 

—As Turn Foreman in the coke works 
at our Johnstown, Pa., Plant, Jim 
applies both his undergraduate engi- 
neering background and his natural 
leadership abilities. 


These alert young men are a few of the many recent graduates who joined the 
Bethlehem Loop Course, one of industry’s best-known management development 
programs. Want more information? We suggest you read our booklet, “Careers 
with Bethlehem Steel and the Loop Course.” Pick up a copy at your Placement 
Office, or write to our Manager of Personnel, Bethlehem, Pa. 


An equal opportunity employer 
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ASCE 

Start off your academic year right, join the 
American Society of Civil Engineers and take the 
first step toward preparation for entry into the en- 
gineering profession. 

Student Chapters of the ASCE are established 
to help you enrich your college courses by be- 
ginning those professional contacts and associa- 
tions which, continued through life, are so valu- 
able to the practicing engineer. DON'T DELAY. 
Join now and take that first step. 

As a member your attendance is requested 
at our monthly meetings held on the 1st Wednes- 
day of the month. The meeting consists of a 
short business session followed by either a speak- 
er from the engineering profession or a movie of 
interest to all. The main purpose of our meet- 
ings is to give you the member an opportunity to 
learn of the engineering profession. 

Field trips are another aspect of ASCE ac- 
tivities. We visit such places as Goddard Space 
Flight Center, David Taylor Model Basin, and the 
Bethlehem Steel Plant near Baltimore. 

ASCE has a summer job placement service 
for its members. We have many contacts with 
local engineering firms and each spring find 
summer jobs for many of our members. 

We hope to see you at our first meeting. 



ASME 

The student branch of the American Society 
of Mechanical Engineers will hold its first meet- 
ing on October 7 at 8:30 in room 304 of Tompkins 
Hall. All engineering students are invited. Check 
ASME's bulletin board for further details. 






THETA TAU 


Gamma Beta Chapter of Theta Tau, in an 
effort to be of increasing service to the Univer- 
sity and its students, joined with Sigma Tau in 
proctoring and grading the placements tests given 
incoming freshmen and took part in the "Old Men" 
program during orientation. 

We are looking forward to the celebration, 
with our alumni, of the 60th anniversary of the 
founding of Theta Tau on October 15. 

We welcome the future engineers who are 
with us for the first time this semester and wish 
them success with their work at GW. 


IEEE 



the Oiticers of IEEE for the 1964-65 School 
Term are: 

Tom Dillon . 

T , c . , Chairman 

John Starke Acting Vice-Chairman 

Joe Proctor -r 

. treasurer 

Judy Popowsky Engineers' Council 

. Representative 

Mr. George Abraham Counselor 

w „ F ° r US re S ular meting. The George 

Washington University Student Branch of IEEE 
(Institute of Electrical and Electronics Engineer s) 
is honored to have as its guest speaker Dr Wil- 

lmm W. Eaton Dr. Eaton will be speaki'ng on 

Engineering Management" - a topic of interest 
to all engineers. 

This first regular GW Student Branch meet- 
ing of IEEE will be held on the first Wednesday 
of the month, October 7,1964 in Room 200 Tomp 
The business meeting will start at 
8.15 P.M There will be an opportunity at this 
meeting for new students to become members 
and to pay their dues. 

Dr. Eaton's presentation will be preceded by 
a short, but very important, business meeting As 
usual refreshments will be served following the 
meeting. s 
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First, what is the Obvious? It’s obvious that 
you’re in demand. You, don’t have to worry 
about getting your material wants satisfied. 
And you don’t have to worry about getting op- 
portunities for professional growth. 

But, if you look beyond the \obvious, you’ll 
realize now that you’re going to want something 
mbre than material rewards from 'your career. 
You’re going to want pride— pride irv your per- 
sonal, ladividual contribution. \ 

Melpar is, a proud Company. We’re proud of 
our approach to the solution of problems;, we’re 
proud of our growth pattern; and we’re fcroud 
of the communities that surround our labora- 
tories and plants-in Northern Virginia. 

\ But most of all, Ve’re proud of our contribV- 
\ butions in the areaO of basic and applied re- 
search, design, development and production ih 
the areas of Advanced Electronics, Aerospace* 
Systems, and the Physical and Life Sciences. \ 
Our projects have ranged from tiny micro- \ 
circuits to computers the size of a basketball 
court. From synthesis of an insect’s nervous 
system to a study of cometary tails. From pro- 
duction of thousands of high reliability circuit 
boards for the Minuteman Program to construc- 
tion of a transmitting antOnna atop the Empire 
State Building. 

beyond the obvious . . . 

j i 

Mel par’s broad activities have created re- 
quirements for engineers and scientists with 
degrees in Electrical Engineering, Mechanical 
Engineering, Physics, Chemistry, Mathematics, 
and the Biological Sciences. / 

/ / j 

/ If you want an opportunity to be proud of' 
your contribution and your Company, we’re irv 
/ terested in hearing from you. Tell us about 
yourself. Either ask your Placement Director 
for more information, or write to our Profes- 
sional Employment Supervisor. Tell him if .you 
would like to hear from one of your college’s 
graduates who is now progressing at Melpar. 


, MELPAR ¥ INC 

A SUBSIDIARY OF WESTINGHOUSE AIR BflAKE COMPANY 

3451 Arlington Boulevard, Falls Church, Virginia 

In Historic Fairfax County 

(10 miles from Washington, D. C.) 

An Equal-Opportunity Employer 


NEGATIVE FEEDBACK AMPLIFIERS-Con't. 


which is developed across a resistor in series 
with the load. 


The output impedance of a system employing 
current and/or voltage feedback can be deter- 
mined. 


For voltage feedback only 

Z t-Trk TT 

For current feedback only 


(4) 


Zf = Z = K/S 2 Rf (5) 

where Z = output impedance of amplifier without 
feedback. 

Zf = output impedance of amplifier with 
feedback. 

K = gain of unloaded amplifier without 
feedback. If loaded amplifier gain A 
without feedback is known, value of 
K can be determined from relationship 
K = A + AZ/Rl where Rl = value of 
load resistance. 

/S 1 = ratio of voltage fed back to secondary 
input of amplifier to output voltage. 

@2 = ratio of voltage fed back to secondary 
input of amplifier to voltage devel- 
oped across the resistor Rf in series 
with the load for providing current 
feedback. 


Note: The signs of K/3 j and K/3 2 are positive 
for positive feedback and negative for negative 
feedback. 


In order to realize the advantages of nega- 
tive feedback, the amplifier and its feedback 
must be so arranged that oscillations do not oc- 
cur. In the normal range of frequencies this 
presents no problem, because here the circuit 
arrangements are such that thefeedback is nega- 
tive. However, at both very low and very high 
frequencies, the amplifier stages produce phase 
shifts that cause the phase of the feedback factor 
A/8 to differ from the phase corresponding to 
negative feedback. This introduces the possi- 


bility of A/3 reversing its polarity and thereby 
introducing positive feedback that directly as- 
sists in the production of oscillations. To be 
unconditionally stable, i.e., free of oscillations 
under all conditions, it is necessary that the cir- 
cuit arrangements be such that the feedback fac- 
toi A ft have a magnitude less than unity under 
conditions where the phase shift of the feedback 
factor A/3 differs by 180° from the negative value 
applying to the midfrequency range. 

(.) r„conJlUo n .llT (b) On.t.bl. („) cLmonllr st.bl. 





Fig. 2 - Typical Nyquist Diagrams 

The situation existing with respect to oscilla- 

tions in a feedback amplifier is often shown by 
plotting a curve, called a Nyquist diagram, show- 
ing on the complex plane the variation in the 
transmission A around the feedback loop as the 
frequency is varied from zero to infinity. Typi- 

L a w^ iagrai T® of , this type are shown above. At 
( / th e amplifier is unconditionally stable because 
T'l ““ ** Phase an 8 le ° f A is zero (positive feed- 
back), the magnitude of A is less than unity The 
diagram at (b) I is the same as (a) except that the 
mpiification has been increased until | A/3 I > 1 
when the phase angle is zero; in this case oscil- 
lations occur. The case shown by the solid curve 
in (c) represents conditional stability Here 
oscillations do not occur because the curve does 
not enclose the point 1,0; however, if the sain A 
is now reduced so that conditions correspond to 
the dotted line, then oscillations will sta^t be- 

curve. C P ° lnt 1,0 iS n ° W enclose d by the A/3 

The phase -shift and amplification charac- 
teristics of the individual stages of the amplifier 
are, therefore, of particular importance in con 
nection with feedback systems since they affect 
the feedback factor through their relation to A 
It is characteristic of all amplifier stages that 
the falling off in amplification at both low and 
high frequencies is accompanied by a phase shift 
with respect to the phase relation existing in the 
middle range of frequencies where the amplifica- 
tion is substantially constant with frequency. 


U LTR ASONIC S- C ontinued 

It should be stated that the changes in di- 
mensions are very small. Nickel shows one of 
the largest changes per unit length, but this ac- 
tually amounts to only about 30 parts per million 
or 0.00036 inch in 12 inches. If the material is 
at mechanical resonance, the change may be as 
high as one part per thousand, but will be limited 
by the fatigue properties of the material. The 
static force will be determined by the change in 
length and modulus of elasticity of the metal. 
(See figure 2, page 6.) 

All magneto strictive materials are tempera- 
ture sensitive, the material losing its magnetism 
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, , r until tne Curie noint is 

reached where all magnetic properties cease 
The graph (figure 3) on page 7 shows the tempera- 
again " the 

that temperature ha, J im/<m«n‘t 
magnetostriction effect. 

Figure 4 (page 7) shows the variation in 
sonic velocity with temperature for nickel. 

As the resonant frequency is dependent on 
the velocity of sound through the material this 
variation with temperature must be considered 
when transducers are designed. 
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CIVIL ENGINEERS: 

Prepare now for your future in highway 
engineering. . . get the facts on The Asphalt 
Institute’s new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 

Today, as more and more states turn to modern Deep- 
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi- 
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten- 
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As- 
phalt Institute’s Thickness Design manual (MS-1). This help- 
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech- 
nology now offered by The Asphalt Institute. Write us today. 
♦Asphalt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 

College Park, Maryland 



Thickness Design Charts like this (from the MS-1 manual) 
are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 
over-all Asphalt pavement thickness required, based on 
projected traffic weight and known soil conditions. 

r "i 

I THE ASPHALT INSTITUTE 
College Park, Maryland 

Please send me your free student library on Asphalt con- 
struction and technology, including full details on your j 
new Thickness Design Method. 


Name Class 

j School I 

Address i 

City State 1 

L__ J 
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Girls . . . beware the Engineer 

Verily I say unto you, beware 
of the engineer; for the engineer 
is a strange being possessed by 
many devices; yea, he speakethin 
parables which he calleth formu- 
lae, and he wieldeth a big stick 
which he calleth a slide rule; he 
hath but one Bible — a handbook. 

Always he carrieth books with 
him, and he entertaineth his 
maiden with steam tables. Verily 
though the damsel expecteth choc- 
olates, when he calleth, he opens 
the package to reveal samples of 
a new alloy. 

Yea, he holdeth a damsel's 
hand, but only to measure the 
friction, and he kisseth only to 
test viscosity. For in his eye 
shineth a faraway look which is 
neither love nor longing, but a 
vain attempt to remember an 
equation. 

Even as a little boy, he pull- 
eth a girl's hair, but to test its 
elasticity, and as a man he dis- 
covered different devices, for 
he would hold a maiden to his 
bosom only to count the palpita- 
tions of her heart, and to reckon 
the strength of her materials.. 

Alas! his affairs are a series 
of simultaneous equations, in- 
volving two unknowns and yield- 
ing periodic functions. 

* * * 

"I have an uncle that is a ma- 
gician. Every time he walks 
down the street he turns into a 
bar." 

# # * 

A patient at a mental hospital 
who had been certified curedwas 
saying good-by to the head psy- 
chiatrist. 

"And what are you going to do 
when you get out in the world?" 

"Well I may go back to Wis- 
consin and finish my Ap S 83 
course. Then, I liked the Army 
before, so I may enlist again. He 
paused a moment and thought. 
"Then again, I may be a teakettle." 


Many a tight nut has been loos- 
ened by a small wench. 

* * * 

Girl answering telephone in 
Strong Hall: "Sorry, Betty is not 
here. This is her 114-pound 
five-foot-three, blonde, blue- 
eyed roommate." 

* * * 

At a recent convention of the 
American Institute for the Pres- 
ervation of Wooden Toilet Seats 
it was decided that the organiza- 
tion's name was too long. Con- 
sequently they named it the Birch 
john Society. 

* $ * 

Coed: "You remind me of 

Nero." 

Engineer and Applied Scien- 
tist: "Why?" 

Coed: "Here I am burning 

and you're just fiddling around." 

$ * * 

An elderly man approached a 
small boy and asked: "Tell me 
young man, do you have a fairy 
godfather ? " 

"No," replied the little boy, 
"but I have an uncle we're all a 
little suspicious of." 

* * * 

If young girls stay out late, 
drink, smoke and pet, men will 
call them fast— as fast as they 
can get to a phone. 

* * * 

Recently, a publishing house 
released a book entitled: Newly 
translated From French — 27 Mat- 
ing Positions. The book imme- 
diately began to sell so fast that 
the presses were working over- 
time to satisfy the terrific de- 
mand for them. "This is most 
extraordinary," said the pub- 
lisher. "I've never seen such a 
demand for chess books." 

* * * 

In golf, it's distance; in a 
cigarette, it's taste; in a volks- 
waggen, it's impossible. 

* * * 

"I've got the most beautiful 
wife in the world . . . the trouble 
is her husband wants her back." 


How many magazines does it 
take to fill a baby carriage? One 
Mademoiselle, One Country Gen- 
tlemen, A Look, A Few Liber- 
ties .. . and a Little Time. 

❖ ❖ ❖ 


■n. nubDana ana wile were to go 
to a costume party. The husband 
decided to go dressed as a bull 
and the wife as a cow. While 
traveling to the party their car 
ran out of gas. Glancing out the 
window the husband spied a gas 
station across a large field. The 
wife didn't want to be left alone, 
so they both proceeded across 
the field, the couple heard a 
snorting and pawing of the ground. 
A huge bull was beginning to 
charge them. The petrified wife 
screamed, "What are we going to 
do? The husband replied, "I'm 
going to eat grass, you better 
brace yourself. 11 


* * * 

She was a gorgeous girl 
And he was a loving male 
He praised her shape in English 
French, Italian, and Braille. 

* * * 

I used to go out with a perfect 
36, till my wife came home with 
a loaded 45. 


* * * 

Ivan Papalosky liked to know 
all about his employees who 
toiled in his business. One day 
he came upon a new young man 
who was dexterously counting out 
a wad of the firm's cash. 

"Where did you get your fi- 
nancial training, young man?" he 
asked. 

Yale, ' answered the young 
man . B 

"Fine," he said. "And what's 
your name ? " 

"Yackson." 


[DRAFTSMEN’S! 

■ SUPPLIES! 

MUTH 
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THE MECHELECIV 




We give Ch. E.s modern tools 
and a chance to stick out their necks 


Some of our chemical engineers work on fabrics for ladies’ 
coats, some on lunar orbiters, some on raising the hatch- 
ability percentage of turkey e„gs. The assortment runs on 
and on too long for easy credibility. The assortment of 
engineering disciplines that we use besides chemical also 
gets too long. 

We do not deny, however, that sensitized film and paper 
remain our largest single business. Instead of waning they 
are waxing. High-order chemical engineering is our secret. 
This is a nice secret to know. We want to teach it to 
upcoming chemical engineers endowed with enough mental 
flexibility to recognize that mathematical model-building 


which correlates dollars with millionths of an inch of accu- 
racy in superimposing color emulsion layers can be as 
exciting a practice of their profession as calculating the 
diameter of pipe with which to feed a still. 

In addition to the upcomingness, the flexibility, and the 
professionalism, one further characteristic can elevate the 
possessor above a merely good, satisfactory career: a feeling 
that “the company” really means “me” rather than some 
vague “them,” a feeling which on fortunately rare occa- 
sions becomes so strong that he is willing to wage a stiff 
battle for a good idea. 

Drop us a note if we interest you. 


EASTMAN KODAK COMPANY, 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: 

Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 


Kodak 


Advancement in a Big Company 
How it Works 


An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 



C. K. Rieger 


■ Charles K. Rieger joined General Elec- 
tric’s Technical Marketing Program alter 
earning a BSEE at the University of Mis- 
souri in 1936. Following sales engineering 
assignments in motor, defense and home 
laundry operations, he became manager of 
the Heating Device and Fan Division in 
1947. Other Consumer-industry management 
positions followed. In 1953 he was elected 
a vice president, one of the youngest men 
ever named a Company officer. Mr. Rieger 
became Vice President, Marketing Services 
in 1959 and was appointed to his present 
position in 1961. He is responsible for all 
the operations of some six divisions com- 
posed of 23 product operations oriented 
primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I’m capable of earn- 
ing in a big company like G.E.? 

A. We learned long ago we couldn’t 
afford to let capable people get lost. 
That was one of the reasons why G.E. 
was decentralized into more than a 
hundred autonomous operating de- 
partments. These operations develop, 
engineer, manufacture and market 
products much as if they were inde- 


pendent companies. Since each de- 
partment is responsible for its own 
success, each man’s share of author- 
ity and responsibility is pinpointed. 
Believe me, outstanding performance 
is recognized, and rewarded. 


Q. Can you tell me what the “promo- 
tional ladder” is at General Electric? 

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
position opening, you’ll first have to 
prove your ability to handle a job. 
Once you’ve done that, you’ll be given 
more responsibility, more difficult 
projects— work that’s important to 
the success of your organization and 
your personal development. Your abil- 
ity will create a “promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at all! Here’s where “big com- 
pany” scope works to broaden your 
career outlook. Industry, and General 
Electric particularly, is constantly 
changing — adapting to market the 
fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep- 
resents opportunity beyond the limits 
of any single department. 


Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 
of G-E’s gross sales last year came 
from products that were unknown 
only five or ten years ago. These new 
products range from electric tooth 
brushes and silicone rubber com- 
pounds to atomic reactors and inter- 
planetary space probes. This chang- 
ing Company needs men with ambi- 
tion and energy and talent who aren’t 
afraid of a big job — who welcome the 
challenge of helping to start new 
businesses like these. Demonstrate 
your ability— whether to handle com- 
plex technical problems or to manage 
people, and you won’t have long to 
wait for opportunities to fit your 
needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu- 
facturing or Technical Marketing give 
you valuable on-the-job training. We 
have Company-conducted courses to 
improve your professional ability no 
matter where you begin. Under Tui- 
tion Refund or Advanced Degree Pro- 
grams you can continue your formal 
education. Throughout your career 
with General Electric you’ll receive 
frequent appraisals to help your self 
development. Your advancement will 
be largely up to you. 


FOR MORE INFORMATION on careers for engineers and scientists at General Elertrir 
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y 12305 


GENERAL® ELECTRIC 


An Equal Opportunity Employer 


